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SEYMOUR KAUFMAN

Interviewed by Thomas A. Ban

San Juan, Puerto Rico, December 11, 2002

TB: This will be an interview with Dr. Seymour Kaufman( for the archives of the American College of Neuropsychopharmacology.  We are at the annual meeting of the college in San Juan, Puerto Rico.  It is December 11, 2002. I am Thomas Ban. Let us start from the very beginning.  

SK: I was born in Brooklyn, New York, in 1924, and during the early part of my life I was sure I was going to be an artist.  I had talent, enough so I got into a noteworthy high school in New York City called the High School of Music and Art, with a competitive entrance exam.  It was during high school days I became exposed to science and faced a conflict.  I was very interested in chemistry.  Being at the music and art high school, I was exposed to kids with real talent, and quickly realized I would never earn a living as an artist.  So I decided to switch to science.  That was a very wise decision, because my wife and I have a daughter who is a professional sculptress; she is really very good but is having a terrible time supporting herself. I started my advanced education at Brooklyn College and stayed for two years, and then decided that living at home I was missing something I expected college to do. So I made one of the very important decisions in my life. I decided to leave Brooklyn College and transfer to the University of Illinois at Champaign-Urbana. I selected Illinois because it had a reputation for an excellent chemistry department, and that is what I was interested in. I stayed there for my bachelors training and then got a masters degree. I would have stayed for my PhD but they had a very sensible rule; they did not allow anyone to stay for all their degrees in one place.  At that point, Dr. Hans Neurath, at Duke University in Durham, wrote to the chemistry department and asked if they had any graduate students who were strong in chemistry.  He needed a chemist for his research program.  So they recommended me and I went there to work on my PhD.  That proved to be a good choice for several reasons. Neurath was an excellent teacher so I learned a lot about protein chemistry and kinetics. Not only that, but I met my future wife who was getting her PhD at the same time. In retrospect, I’m firmly convinced that one of the important factors in success in research is the kind of training one has and I got excellent training with Hans Neurath.  After that I did a post-doc with Severo Ochoa at New York University before he won his Nobel Prize. I was there only one year when he offered me a position on the staff at NYU medical school.  I ultimately stayed for five years. With Severo I learned a lot about enzymology that complemented what I had learned with Hans Neurath.  After five years I was offered a job at the National Institute of Mental Health in Giulio Cantoní’s department.  I think it was called General and Cellular Pharmacology. I had got to know Cantoni while he was a post-doc with Dr. Ochoa during the time I was there.  Around this time, Cantoni moved to NIMH to start a new laboratory, and Giulio offered me a position to join him. I went to the National Institute of Health in 1954, and I am still there.  In 1970, I was offered an independent laboratory of neurochemistry at NIMH. NIH proved to be a very fine place to do research in those days.

TB:  Could you say something about your different activities before you went to NIMH

SK: During the time I was with Severo Ochoa, his great interest was enzymes in the citric acid cycle involved in the metabolism of carbohydrates. 

TB: Was that your first research project?

SK: No, I had done a masters thesis at Illinois that dealt with fatty acid oxidation in leukemia.  There was an observation that leukemic mice had fatty livers, and my thesis advisor, Dr Carl Vestling, said if they have fatty livers maybe they have a defect in fatty acid oxidation. My goal was to either prove or disprove that thesis. And we found a significant defect in fatty acid oxidation.

TB: This was your master’s thesis. Was it published?

SK: It was my first publication in The Journal of Biological Chemistry.  Unfortunately, in those days, not much was known about fatty acid oxidation, so we couldn’t continue the analysis to pinpoint what was wrong. But it was a very good introduction to research and culminated in a publication. At Duke, Neurath’s great interest was proteolytic enzymes; we had three graduate students and each was assigned one of the proteolytic enzymes to work on. The enzyme I was assigned to was contripsin and my wife’s was capoxy peptidase. The enzyme I was on was known to require an aromatic amino acid.  So I prepared amino acid ethyl estrins to test them as inhibitors because they were supposedly good candidates for being inhibitors. To my great surprise, we found that they were excellent substrates for the proteases.  Each one of us in turn demonstrated the same phenomenon with respect to proteases.  In those days, enzymes were thought to be much more specific than they are now so this was quite a startling finding. In retrospect, it doesn’t seem astonishing, but it was at that time. It’s fair to say it gave Neurath’s career a push.  It gave my career a big push too. Then I moved to NIH.  At NIH I had a bit of good luck. It started out as bad luck because the laboratories we were supposed to occupy were not finished. So for about six months, I didn’t have any place to do research.  I thought that was a tragedy but it turned out to be a blessing because I spent the time in a library thinking, a rare commodity, trying to decide what kind of  project I would work on. I knew I wanted to work in some aspect of enzymology and decided I would select an enzyme reaction where you couldn’t easily write the equation. I figured that if the reaction was so mysterious you couldn’t write a simple equation, there might be something unknown, something interesting. The reaction I chose to study was the conversion of phenylalanine to tyrosine because if you write that down on paper, the only way to have a balanced equation is phenylalanine plus half an oxygen molecule. That’s fine, except there is no such thing as half an oxygen molecule in nature, so there was clearly something mysterious.  In addition, I wanted a project that had some elements of a double acrostic puzzle. I don’t know if you’re familiar with them but they come out in the New York Times periodically wherein you solve the puzzle in one dimension and the first letter of words in the vertical dimension spell out the author’s name while in the horizontal dimension the quotation is spelled out.  If you solve the horizontal direction, the solution to the vertical problem comes automatically. It seemed to me that phenylalanine hydroxylase had some of the elements of a double acrostic puzzle, because I was aware of a genetic disease called phenylketonuria, and it was known that there was something wrong with phenylalanine metabolism in the patients. Not a whole lot more than that was known and I had a feeling that if I could advance our understanding of the way phenylalanine was hydroxylated, out of that might come some new information about phenylketonuria. So that was a double reason for selecting the project. Using the methodology I learned in Ochoa’s laboratory, specifically how to separate a complex system into its individual parts, I started to work on the phenylalanine hydroxylating system in rat liver and very quickly broke it down into different components, two enzymes and a nonprotein cofactor.  You asked me to point out what I thought was my biggest accomplishment. Working on the structure of this nonprotein factor and proving its structure was certainly one of the biggest accomplishments in my life.  It took me a couple of years to work out the structure and it turned out to be a compound whose derivative was present as a natural component in human urine.  No one had ever detected in liver the parent of that component in urine. So I isolated the natural cofactor from rat liver and proved that it is tetrahydrobiopterin. Biopterin is a pteridine and another compound in nature which is a pteridine is folic acid. There is a slight resemblance between biopterin and folic acid.  But biopterin itself is not a vitamin, because we can synthesize it, whereas folic acid, being a vitamin, we cannot synthesize. So we slowly tried to unravel what the role of the three components was, two enzymes and the cofactor.   It turned out that the role of one of the enzymes, which we named dihydropteridine reductase, was to regenerate tetrahydrobiopterin which during the course of hydroxylation gets oxidized to dihydrobiopterin. In order for it to work in the body it has to function catalytically. The role of the second enzyme was to reduce the biopterin back to the tetrahydro level. Then we quickly realized there might be at least three different forms of phenylketonuria.  One caused by a lack of each of the essential components.  In fact it was already suspected that the cause of phenylketonuria (PKU) at the enzyme level was a lack of phenylalanine hydroxylase. Jervis had shown that. But Jervis didn’t know about the multi-component nature of the hydroxylating system.  Jervis had pinned down which was the missing component. It could have been any one of the three components. I managed to get biopsy samples from two PKU patients and showed they had normal amounts of tetrahydrobiopterin and that the only missing component of the hydroxylating system was phenylalanine hydroxylase. The other two components were present in adequate amounts. Having done that, we realized there might be variant forms of PKU caused by a lack of reductase and biopterin.  So we were primed to expect to read about that. Not being a clinician, I didn’t do the initial work on that. About ten years went by and there were no reports of the expected variant forms and then I remember the day I received a call from a pediatrician, Tony Holzman, at Hopkins.  I had met him at a scientific conference.  He said they had a PKU patient who was a couple weeks old who was on the accepted treatment for the disease; a low-phenylalanine diet. In order to be effective, the diet had to be instituted very early in life, within the first couple of weeks.   Holzman said the child had what pediatricians describe as a failure to thrive.  He just didn’t look right.  And he wanted to know if he could supply us with a biopsy sample of the liver that we could analyze for the three components.  He suspected that there was something funny about this particular child.  So I said, send us a piece of liver, which he promptly did.  In one afternoon we assayed for all three components and showed that there was not a trace of the reductase in this child’s liver.  He had adequate amount of the cofactor and adequate amounts of hydroxylase.  So this was the first established case of a variant form of PKU due to the lack of reductase.  In contrast to classical PKU, which is caused by a lack of the hydroxylate, this variant cannot be treated with a low-phenylalanine diet.  And the reason why is that we, and others, had shown that tetrahydrobiopterin and the reductase were essential components of tyrosine hydroxylase and tryptophan hydroxylase.  Just withholding phenylalanine would cure only one part of the disease these children suffered from. They had three metabolic lesions, and you had to treat all three. We suggested in our first publication they had to be treated with the neurotransmitter compound beyond the block in their metabolism; with 5-hydroxytryptophan for the block in tryptophane hydroxylase, and dopa, for the block in norepinephrine synthesis, in addition to a low-phenylalanine diet.  Unfortunately, this treatment was started too late and the child died.  So these variant forms of the disease used to be called malignant or lethal forms of PKU. Subsequently we were contacted about other children who looked like good candidates for reductase deficiency.  And they were adequately treated with neurotransmitter precursors. A couple of years after that publication, I was contacted by another pediatrician, Dr. Stan Burlow, from the University of Wisconsin, and he also had a child who was not doing well and wondered whether there was still a different variant of the disease.  He sent us a liver biopsy from his patient, and we showed that the child was deficient in tetrahydrobiopterin, with adequate amounts of reductase of hydroxylates.  So this was the second variant form of PKU that we have described, PKU caused by a lack of an enzyme involving tetrahydrobiopterin synthesis. These were very rewarding studies, the discovery of two new diseases and their treatment.  I should say that treatment, for the lack of tetrahydrobiopterin, is not very satisfactory yet.  You would think the natural way to treat them would be to just give them tetrahydrobiopterin, what they are missing.  But tetrahydrobiopterin does not cross the blood brain barrier readily.  Nonetheless, it is used.  It will cross the barrier to some extent.  But, the treatment is not ideal; a better treatment is required. What I regard as my most important findings were the isolation of tetrahydrobiopterin from the liver, and the discovery of the variants of phenylketonuria.  

TB: What is the time frame of the research?  

SK: From the time I first went to NIH, from 1954, until I retired about two years ago.

TB: It was one major continuous research effort?

SK: Yes. The other important contribution was when I found that tetrahydrobiopterin was the cofactor for phenylalanine hydroxylates; I had no idea how general a role tetrahydrobiopterin played. It was clear from its involvement with both tryptophan and tyrosine hydroxylates and phenylalanine hydroxylates that it was a cofactor for aromatic hydroxylations of various kinds, and I wondered whether it was also involved in what ís called a side-chain hydroxylation. In the pathway for norepinephrine synthesis is an enzyme that catalyzes the conversion of dopamine to norepinephrine that involves the side chain hydroxylation of norepinephrine. So we were interested in whether tetrahydrobiopterin was a cofactor for that hydroxylation. We worked on the enzyme that ultimately went by the name of dopamine-ß-hydroxylase. In fact we showed that tetrahydrobiopterin was not the cofactor for that enzyme, but instead ascorbic acid is the cofactor.  In the course of answering this question we dicovered one of the few well-demonstrated metabolic roles for vitamin C. Just as tetrahydrobiopterin is oxidized during the course of phenylalanine hydroxylation, ascorbic acid is oxidized during the conversion of dopamine to norepinephrine.  That was the first insight as to how metabolically vitamin C can work in the body.

TB: When was this shown?

SK: In the mid 1960s. That work is not as appreciated as it should be.  If you read a nutrition book about vitamin C, they often don’t mention that this is one of its important roles in metabolism. It needs to be publicized more. This about summarizes my scientific career. 

TB: These were major contributions.

SK: There is still a lot of room for improvement in the treatment of these variant diseases.  

TB:  You said that you retired two years ago. Does this mean that you stopped going to the Institute?

SK: I go in once or twice a week.  I was granted emeritus status and still retain part of an office. I have access to secretarial help, but I no longer have any post-doctorate fellows.    

TB: Are you involved in any research?

SK: Very indirectly. I get asked to review a lot of scientific papers, but I’m less interested in reviewing papers than I was when I did research.  

TB: Are you on the editorial board of any journals?

SK: No. I feel I put in my time as an editor of The Journal of Biological Chemistry (JBC) and Archives of Biochemistry. I worked ten years for the JBC. I mentioned I started out early in life thinking I would become an artist and, after retirement, I tried to pick up that interest, to take some art courses.

TB: What kind of courses are you taking?

SK: Hand-eye coordination is very important in art, so the first way to get back into art was to take a life-drawing class.  My daughter agreed with me.  And so I took several life-drawing classes, drawing the nude figure.  I took those at the Corcoran Museum School.  Most recently I took a course on etching at Montgomery College.  Those were both very enjoyable.  And I did write a book on tetrahydrobiopterin along the way.

TB:  When was it published?

SK:  In the mid ‘90s by Johns Hopkins University Press. 

TB:  Was that the only book you wrote?

SK: Yes.  I also edited several books of research.

TB:  Can you mention just a few?

SK: I edited one volume in a series called Methods in Enzymology that was started by Sidney Colowick and Nathan Kaplan and published by Academic Press. They asked me to edit their book on aromatic amino acid methodology. And I was the editor of several different symposia dealing with amino acid metabolism. That’s about it. 

TB: Is there anything we left out and you would like to mention?

SK: I am thoroughly enjoying my retirement.  It’s very important to have structure to your life. Some of my retired friends seem to be at a loss as to how to spend their time.  But if you plan ahead I think it can be a very enjoyable part of life. 

TB: You seem to be quite a sportsman. 

SK:  I was.  Now I’m less so.  

TB:  What were your sports?

SK: Mainly tennis. One of the bad effects my heart surgery had, for some reason, it interfered with my ability to walk. I had a lot of physical rehabilitation and it has improved a good deal, but not enough to play tennis. I do miss that. 

TB: When did you become a member of ACNP?

SK:  Maybe 15 years ago. 

TB: Have you participated in the activities of the College?

SK:  I regret to say I have not.  

TB: Did you attend the annual meetings?

SK: Yes, I attend the meetings religiously.

TB: Did you present at the annual meetings?

SK: I was invited several times. I presented a few years ago at the symposium on tyrosine hydroxylates.  Steve Paul organized it and I gave a lecture. 

TB: You talked about your mentors at the universities. 

SK:  Hans Neurath and Severo Ochoa.

TB: Can you say something more about Neurath?

SK: Neurath was very demanding of his students.  He transmitted that attitude to me, and I tried to transmit it to my post-docs.  But he was a man of great integrity.  He never cut any corners when it came to doing the ethical thing. Both my wife and I were very fond of Hans. 

TB: During your career you trained many people.  Would you like to mention a few?

SK: Most of them went into enzymology. One of my best post-docs was Daniel Fisher.  He was one of my earliest ones. Unfortunately, he left biochemistry and went into psychiatry. Michael Davis did important work in my lab. Unfortunately, he left and became a lawyer.  And then there is a young fellow by the name of Bruce Citron.  He was important in the evolution of my laboratory because he was well trained as a molecular biologist. It was very hard to find someone willing to be the only molecular biologist in an environment of enzymologists.  Bruce was daring enough to do it and he spent five years with us. He helped us a lot.  

TB:  What was your last publication?

SK: It turned out that there was still another surprise about the phenylalanine hydroxylating system. I was working with purified enzymes of the system, assaying the phenylalanine hydroxylating reaction under conditions away from what we call ideal, slightly more alkaline conditions, and found there was a factor in liver that could stimulate the reaction.  It came as a great surprise.  We thought that we had identified all the components required for hydroxylation.  Well, it turned out there was still one more component at least. We purified that component from the liver, using an assay based on the stimulation I observed. That discovery proved to take a very surprising turn which ties in with the fact that our lab had got into molecular biology at that point.  We purified that protein to homogeneity with no idea what it was doing. One of the first things we wanted to know was whether or not it was a known protein. With the tools of molecular biology, you can do partial DNA sequencing, and see if it’s any enzyme or protein already described has a sequence in common. To our great surprise, there was a protein already described that had the same sequence as the protein we isolated.  That protein went under the name of DCoH, and had a well-established role in gene transcription in the liver.  A man by the name of Crabtree at Stanford University had found that. So I called Dr. Crabtree, and said we’ve isolated a protein from liver that has the identical sequence to your DCoH protein, only our protein has a role in phenylalanine hydroxylation. He was as astounded as I was and agreed we would exchange proteins. I sent him a sample of our pure protein, he sent us his. His protein had as high an activity in the phenylalanine hydroxylating system as ours did in the gene transcription system, purified by a totally different procedure. We went on to prove that the protein had a role to play in hydroxylation and catalyzed the regeneration of tetrahydrobiopterin from the dihydro form. That was a step that normally would take place non-enzymatically, one wasn’t aware of it, the reaction just occurred. But under the funny assay conditions I had accidentally set up, the non-enzymatic reaction was rate-limiting, and required the presence of this other enzyme to catalyze it. Immediately, we realized there was a possibility for still another variant form of PKU, one caused by the lack of this enzyme.  We called it a dehydratase. We did manage to get a liver biopsy and show that there was a patient with a very rare form of PKU that lacked dehydrotase.  A few other centers in Europe made similar findings.  The children that have been described so far are not really sick. They have hyperphenylalaninemia, but it is fairly mild, which is not surprising because this reaction also occurs non-enzymatically. Even if they lack the enzyme, they can survive pretty well without it. I’m looking forward to seeing the next phase of PKU research, which will probably deal with gene supplementation.

TB: Is this what you would like to see? 

SK:  I would say we are a couple of decades away from that. 

TB:  Is there anything else you would like to see happen?  How do you see the future?

SK: There is an adequate dietary treatment for phenylketonuria, but it is a pretty awesome burden for the family and the patient. They can’t eat any natural foods and subsist on an artificial mixture of amino acids, from which phenylalanine is removed.  There is a lot of room for a better treatment.  I can only imagine that gene therapy would be the wave of the future for the disease.  That’s what I hope, will happen within the decade, but I’m not terribly optimistic.

TB: Anything else you would like to add?

SK: No, I think that’s about it.

TB: On that note we conclude this interview with Dr. Seymour Kaufman.  Thank you very much.

SK: I enjoyed it.  Thank you.    

( Seymour Kaufman was born in Brooklyn, New York in 1924. Kaufman died in 2010.





